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The visual signal transduction cascade



Polarised absorption spectra of P3(1) crystal



Microfocus beamline ID13 focusing optics



Prototype of microdiffractometer at ID13





Microdiffractometer at the ESRF 
ID13 Micro-focus beam line Grenobel

Manfred Burghammer
Chrisitan Riekel EMBL and ESRF



Sample environment of microgoniometer



Fast and automatic sample loading

MAATEL / EMBL



Video microscope ID13



GUI in locate beam mode



Beam shaping with guard tube and aperture



Comercial Microdiffractometer from MAATEL



Crystallisation  of  Detergent
solubilised  Bovine Rhodopsin

Bovine retina

Rod outer segments

Solubilise in 1% LDAO

ConA affinity chromatography

Sephadex G50 in 0.2% C8E4

Mono Q anion exchange in C8E4

Sitting Drop Vapour Diffusion
Single fractions from Mono Q

15 mg/ml Protein
0.2% C8E4

0.05% LDAO
0.8M Li2SO4

1.6% PEG8000
20% Glycerol

Freeze in liquid Ethane or Nitrogen

Everything needs to
be done in a dark lab!



2.4 Å50 µ



Stacking along the 31-axis

Packing in the P31 LatticeAnti-parallel dimer

Cytoplasmic loops 
in solvent channel



Detergents and lipids bound to rhodopsin in P3(1) crystal

Lipid Detergent





Hydrophobic intaractions in P3(1) rhodopsin crystal



Rhodopsin P3(1) data collection



Rhodopsin P3(1) refinement statistics



Rhodopsin refined P3(1)

Li, Edwards, Burghammer and Schertler
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QuickTime™ and a Sorenson Video decompressor are needed to see this picture.



Helix 5

Helix 2

W265

E113

Helix 1

Helix 6

Helix 7

beta-sheet

11-cis retinal



Schiff N

Glu113
H2O

H2O close to Glu113 counterion



Comparing P4(1) and P3(1) coordinates



Comparison of  P3(1) structure with P4(1) structure



Helix 8 and 5  6 loop seen by cryo EM
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Rhodopsin lignad binding site: complex counter-ion



H2O

Water Between Helix 6 and Helix 7



Rhodopsin lignad binding site:beta-ionon ring interactions



Transmission to NPXXY and E(D)RY



Cavity close to E134 and R135

E134

R135Cavity
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Photolysis pathway of rhodopsin



After light no x-ray diffraction!!!!

What next????



2D Crystal Bovine Rhodopsin p22121 
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EM 3D Structure of Bovine Rhodopsin



Photometer setup: - integration sphere
- temperature controlled cell holders



Wavelength (nm)

Towards the light-activated state

Black: ground-state
Blue: after illumination
Red: after freezing 

Rhodopsin MI MII (R*) Opsin + 
retinal(498 nm) (478 nm) (380 nm)



A) temperature dependence: B) pH dependence:

The MI/MII equilibrium in 
2D crystals



MI < = > MII

MI

MII

MI and MII like states in 2D crystals of rhodopsin???



The Low Temperature Photointermediates
in 2D Rhodopsin Crystals



The Meta Photoproducts in 2DRhodopsin Crystals
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DSPC Mimicks the Crystalline Environment

DSPC
Di-stearoyl PC



Trapping the MI photointermediate in 2D crystals:



Sample preparation and data collection

Liquid ethane 
(-185°C to -196°C)

EM grid

Temperature-controlled 
humidity chamber

Blotter

Liquid nitrogen

Tecnai F30

300 kV FEG

Goniometer

Camera
(film/CCD)



Calculated Fourier Transform of an Image of a MI Crystal

Good quality
spots are 
present in 
the 5-3.5 Å
range



MI states in 2D crystals of rhodopsin

MI Dark

Dark MI

7 6
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Electron crystallographic statistics

Point spread
function

Table 1 Electron crystallographic data 
Plane group p22121 
Cell dimensions  

a (Å) 58.8 
b (Å) 83.7 
c (Å) 200.0 (arbitrary) 
α = β = γ (º) 90.0 

Number of imagesa 87 
Range of defocus (Å) 2700 - 14100 
Effective resolution of 3D data setb (Å)  

In-plane 5.5 
Perpendicular to the membrane 11.7 

Average temperature factor (Bxy)c 200 ± 95 
Total number of observed amplitudes and 
phases 

22099 

Number of unique structure factors 2073 
Completeness (%)  

0-45º  83.2 
0-60º 68.2 
0-90º 59.0 

Overall weighted R-factord (%) 34.9 
Overall weighted phase residuald (º) 24.0 
aTwenty-two at 0º, sixteen at 20º, twelve at 35º, twenty-six at 45º and eleven at 60º. 
bAs calculated from the point-spread function. 
cAverage temperature factor to scale image amplitudes against bacteriorhodopsin electron 
diffraction data, correcting for high-resolution image amplitude fall-off. 
dFrom program LATLINEK. 



3D structure of the MI state
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Cytoplasmic side

Extracellular side

15 Å



Cytoplasmic side

Extracellular side

-2 Å



Cytoplasmic side

Extracellular side

-16 Å



Density Features for all 5 Tryptophanes
in Metarhodopsin I

W35
W126

W161

W175 W265



Density Feature for beta-Ionone Ring 

W265
beta-Ionone



ConclusionsConclusionsConclusions
��� RhodopsinRhodopsinRhodopsin photointermediatesphotointermediatesphotointermediates formed in 2D crystals reflect formed in 2D crystals reflect formed in 2D crystals reflect 

those formed in the native membrane up to those formed in the native membrane up to those formed in the native membrane up to metarhodopsinmetarhodopsinmetarhodopsin I.I.I.

� UV/� UV/� UV/VisVisVis and infraand infraand infra---red spectra prove that the MI intermediate in the red spectra prove that the MI intermediate in the red spectra prove that the MI intermediate in the 
crystal is very similar to the MI intermediate in the disk mecrystal is very similar to the MI intermediate in the disk mecrystal is very similar to the MI intermediate in the disk membrane.mbrane.mbrane.

� Crystals of MI retain the ability to diffract and can be proce� Crystals of MI retain the ability to diffract and can be proce� Crystals of MI retain the ability to diffract and can be processed to ssed to ssed to 
yield a 3D density map.yield a 3D density map.yield a 3D density map.

� There are no large conformational changes in all eight helices� There are no large conformational changes in all eight helices� There are no large conformational changes in all eight helices in MI.in MI.in MI.
Some deviations are observed  close to the bend in helix 6. Some deviations are observed  close to the bend in helix 6. Some deviations are observed  close to the bend in helix 6. 

� Features for all 5 � Features for all 5 � Features for all 5 tryptophanetryptophanetryptophane residues are visible, only W265 has residues are visible, only W265 has residues are visible, only W265 has 
shifted and rotated.shifted and rotated.shifted and rotated.

� A density feature close to helix 3 indicates the position of t� A density feature close to helix 3 indicates the position of t� A density feature close to helix 3 indicates the position of the he he 
betabetabeta---ionone ring, it is very close to the position in the dark map.ionone ring, it is very close to the position in the dark map.ionone ring, it is very close to the position in the dark map.
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Structure of Rhodopsin: Metarhodopsin I 
in 2D Crystals of Rhodopsin

QuickTime™ and a Sorenson Video decompressor are needed to see this picture.


